The serum creatine kinase (CK), aspartate transaminase (AST), lactic dehydrogenase (LD) and oc-hydroxybutyric dehydrogenase (HBD) were determined before and 3, 6, 18, and 36 hours after cardiac catheterization and angiocardiography in 56 consecutive patients with ischaemic heart disease. Five of these patients whose serum enzyme levels were higher than normal before the procedure were excluded from the study. Forty-one of the remaining 51 patients had left ventriculography and also selective coronary arteriography. In these 41 patients (groups 1 and 2-see below), the mean serum CK levels incoreased after the procedure to exceed the upper limit of normal at every study interval. The mean serum AST, LD, and HBD levels generally remained within the normal range at all study intervals, though serum AST increased abnormally in 9 of the 41 patients (22%) and serum LD and HBD each increased above the normal limit in 2 of 41 patients (4.9%).
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In 24 patients (group 1) whose coronary arteriograms showed insignificant coronary narrowing ( < 75%)
in any of the three major coronary arteries, the increase in serum CK was significantly higher than in 17 patients (group 2) with greater than 75 per cent narrowings in at least one of the three major coronary arteries. However, the degree of serum CK elevation observed during the postangiographic period was much lower than that in another group of 30 consecutive patients with acute myocardial infarction. In 10 patients (group 3) who had the same procedure as groups 1 and 2 except without the selective coronary arteriography, the serum enzyme levels showed no noticeable increase after the procedure. The difference in postangiographic serum CK elevation between patients with and without selective coronary arteriography and the difference between group 1 (without significant coronory narrowing) and group 2 (with significant narrowing) strongly suggest that the raised serum CK levels represent some form of myocardial damage caused by the coronary arteriography, which, however, is different at least in degree from that of acute myocardial infarction. triculography with or without selective coronary Left ventriculography, using 40-50 ml contrast arteriography) to investigate the correlation between medium (Urografin 76: sodium diatrizoate) was percoronary narrowing and the extent of serum enzyme formed in all patients after premedication using oral increase.
diazepam (10 mg) and intramuscular atropine sulphate (0 5 mg) and hydroxyzine (50 mg). Selective coronary Subjects and methods arteriography was performed using a total of 30 to 40 The serum levels of CK, AST, LD, and HBD were ml of the same contrast medium given by four manual measured before and 3, 6, 18, and 36 hours after cardiac injections. The transfemoral percutaneous approach was catheterization and angiocardiography in 56 consecutive used for right and left heart catheterization and angipatients with ischaemic heart disease. Five patients ography. Nitroglycerin (0 3 mg) was administered subwith abnormal serum enzyme levels before the procedure lingually just before the selective coronary arteriography were excluded from the study. Of the remaining 51 was done. The cardiac output was determined by the patients, 41 patients (groups 1 and 2-see below) had dye-dilution technique in all patients (groups 1, 2, and cardiac catheterization, left ventriculography, and 3).
selective coronary arteriography without a major
The enzyme assays were performed either immediately complication, while in 10 patients (group 3 as a control after sampling or within 15 hours after separation of group) selective coronary arteriography was avoided serum (stored at 4°C). The normal values and determibecause of complications such as arrhythmia and/or nation method of serum enzyme levels in our laboratory heart failure. One patient in group 3 complained of are: for CK (less than 40 IU) method of Nuttall-Wedin chest pain during the procedure. In the 41 patients of (Nuttall and Wedin, 1966) ; for AST (0 to 40 units) groups 1 and 2, no subjects had any clinical evidence of modified method of Reitman-Frankel (Reitman and liver disease, skeletal muscle disease, pericarditis in the Frankel, 1957); for LD (30 to 140 units) method of acute stage, or congestive heart failure during the study. Naclas (Naclas et al., 1960) and for HBD (40 to 170
The 41 patients undergoing selective coronary ar-units) modified method of Rosalki (Rosalki and Wilkinteriography were divided into two groups. Group 1 son, 1960). consisted of 24 patients (aged 43 to 66 years, average
As a comparative study, 30 consecutive patients with 50 3 years) whose coronary arteriograms showed less acute myocardial infarction were studied. In this group, than 75 per cent narrowings in any of the three major serum levels of CK, AST, LD, and HBD were detercoronary arteries. All of them showed minor obstructive mined 6, 18, and 36 hours after the onset of chest pain. lesions in one or two major caronary arteries except one Statistical evaluation of the data was done by applying patient with a variant form of angina who had no Student's t-test.
narrowing in any of the three vessels. This group conResults sisted of 11 patients with a previous myocardial infarct (6 weeks to 2 years previously) and 13 patients with Table 1 shows the serum enzyme levels before and angina pectoris (8 patients with effort angina, 3 patients after cardiac catheterization and left ventriculwith variant form of angina, 1 patient with rest angina, ography with or without selective coronary arteriand 1 patient with effort angina combined with variant ography in 51 patients (groups 1, 2 and 3). The form of angina). Group 2 consisted of 17 patients serum enzyme changes in 41 patients (groups 1 (aged 54 to 70 years, average 58-1 years) whose coronary and 2) who had selective coronary arteriography arteriograms showed significant narrowings (>75%) are illustrated in Fig. 1 . In the 41 patients, the at least in one of the three major coronary arteries. This an serum CKFls sInificatiease group consisted of 14 patients with previous myocardial mean serum GK levels significantly increased infarction and 3 patients with angina pectoris (2 patients 3, 6, 18, and 36 hours after the procedure (P < 0 001) with effort angina and 1 with a combination of effort, with the maximal mean value of 48 1±4-1 IU rest, and variant form of angina).
which was 3-5 times higher than the mean value Group 3 consisted of 10 patients undergoing cardiac before the procedure, occurring 6 hours after the catheterization and left ventriculography but without conclusion of coronary arteriography. The mean selective coronary arteriography. The age of the patients serum AST levels increased from 25-0±0-9 units in this group ranged from 38 to 60 (average 52-2 years). to 30.2+1'3 units and 31-4118 units at 3 and 6
There were 4 patients with previous myocardial infarc-ho after ts andure, units though tion, 4 patients with angina pectoris (2 patients with hours after the procedure, respectively. Though effort and rest angina, 2 with variant form of angina), these serum AST increases were statistically and 2 with atypical chest pain. significant (P<0 01), they remained within the The previous myocardial infarctions were diagnosed normal range. As to individual variations, serum AST levels slightly exceeded the normal limit in creased significantly at every study interval after 9 of 41 patients (22%). angiography (P < 0 001), with every mean value The mean serum LD and HBD levels did not being much higher than the normal upper limit show a significant increase at any study interval (see Fig. 2 ). during the postangiographic period, with the In group 2 (the 17 patients with significant exception of the serum HBD at 6 hours after the coronary narrowing) in contrast to group 1, the procedure, which was still within the normal serum CK levels were increased much less and in range. Incidence of an abnormal increase in indi-fact were much closer to the CK levels in the viduals in serum LD and HBD after the procedure control group 3. The maximal mean value was was 4 9 per cent (2 of 41 patients) each. There was observed 6 hours after the procedure in both groups: only one patient who showed an abnormal increase 64-1 ±6-5 IU in group 1 and 25-5 ±3-8 IU in group in both serum LD and HBD.
2. In group 3 (the 10 patients without selective In 10patients in group 3 who had the same coronary arteriography) the mean serum CK procedure but without selective coronary arteri-levels increased significantly only at 36 hours ography, no serum enzyme levels showed abnormal (22-2±3-4 IU, P < 0 01) but was still within the increase, though the mean serum CK and AST normal limit. There was no significant difference levels increased slightly after the procedure (see in serum CK levels between groups 2 and 3 at Table 1 ).
any study interval (see Fig. 2 ). In contrast to this,
In group 1 (the 24 patients with insignificant a significant difference (P<0-001) in the postcoronary narrowings) the serum CK levels in-angiographic serum CK levels was noted at every group.bmj.com on November 8, 2017 -Published by http://heart.bmj.com/ Downloaded from 120 AST levels increased slightly in group 1 (P < 0O01), but the maximal mean values in groups 1 and 0 r/< > HBD 2, which were both within the normal range, showed no significant difference between these two groups (Fig. 4) time from the onset of infarction to the angio-POST-CAG or graphic examination showed no significant differ- POST-LVG ence between the patients of these groups with previous myocardial infarction. There was also a FIG. 2 Postangiographic serum CK levels (mean + difference in CK levels at 6 hours after the pro-SE) in groups 1, 2, and 3. Between groups 1 and 2, cedure between groups 1 and 2 in the patients significant difference (P <0001) in the serum CK with angina pectoris (13 patients in group 1, 3 levels was noted at every study interval after the in group 2), and the Student's t-test (P < 0-02) procedure, while no significant difference was observed suggests that it is significant. The mean serum between groups 2 and 3.
group.bmj.com on November 8, 2017 -Published by http://heart.bmj.com/ Downloaded from (1968) described no significant rise in serum AST in 113 patients using a similar procedure and signi- FIG. 4 Serum AST levels (mean + SE) of 41 ficant increases in serum LD and HBD in only a patients with ischaemic heart disease in groups 1 and 2. few cases. These discrepancies could be due to the No significant dzfference was observed between these difference in the conditions of the study. Premeditwo groups at any study intervals.
cation, procedures of angiography, and the intervals of time the subjects were studied after the proceDiscussion dure were different in these different reports. We determined the serum enzyme levels before Serum enzyme changes were studied in 41 patients and 3, 6, 18, and 36 hours after cardiac cathewith ischaemic heart disease before and after terization, left ventriculography, and selective cardiac catheterization, left ventriculography and coronary arteriography in 41 patients with ischaeselective coronary arteriography, and in 10 patients mic heart disease. In our study, no significant after cardiac catheterization and left ventricul-increase was seen in serum LD and HBD except for minimal increase in serum LD in 2 of 41 patients ography is caused by transient ischaemia or by (4 9%) and in serum HBD also in 2 patients. The alteration of membrane permeability could not be mean serum AST levels remained within the determined from this study. normal range at all study intervals, though the It is surprising that the serum CK increased in individual values slightly exceeded the normal the patients without significant coronary narrowings upper limit in 9 of 41 patients (22%). Chahine (group 1), but not in the patients with significant et al. (1974) described abnormal rises in serum coronary obstructions (group 2). This paradoxical AST in only 2 per cent of patients 24 hours after observation may suggest either poor perfusion of the cardiac catheterization and coronary arteri-contrast medium and/or a decreased number of ography. Our data, which showed the maximal myocardial cells which contribute to CK release in increase at 6 hours after the procedure, suggests the patients with severe coronary narrowings. that they may have failed to detect the early rise Hyperaemic response after intracoronary injection in serum AST.
of contrast medium may also contribute to the In our study, all 41 subjects received the same release of CK from the myocardium. This specupremedication and the same angiographic proce-lation assumes additional interest in view of the dure including the approach of catheterization, and report by Gould and Lipscomb (1974) of distinct the type and amount of contrast medium. However, hyperaemic response to contrast medium in coroa much greater rise in serum CK during the post-nary arteries without severe narrowings. Further angiographic period was observed in the patients investigations are necessary to clarify the mechanism without significant coronary narrowings rather by which CK is released from ischaemic myocarthan in those with. When 25 patients of groups 1 dium after coi-onary arteriography. and 2 with previous myocardial infarction were compared, an even more remarkable difference We 
